Introduction
============

Virtual Reality in Health Care Settings
---------------------------------------

Virtual reality (VR) technology provides an immersive environment that enables users to have modified experiences of reality \[[@ref1],[@ref2]\]. To date, VR has been used in various health care settings to help treat anxiety disorders, reduce fall risks in older patients, control pain, manage obesity, support physical rehabilitation, and distract patients during wound care \[[@ref1]-[@ref9]\]. By stimulating the visual and proprioceptive senses, VR acts as a distraction to limit the processing of nociceptive stimuli while refocusing the brain on cognitively stimulating, positive, and potentially therapeutic experiences \[[@ref2]\]. In a meta-analysis of randomized controlled trials, we found that VR is generally effective and well tolerated by patients across a range of clinical settings, although the existing literature is hampered by small studies of varying quality \[[@ref10]\].

Despite increasing awareness about VR and its potential benefits, it remains unclear whether and how best to scale this technology in clinical practice. There are also questions about whether some patients are willing to accept VR in the clinical settings. We previously assessed the acceptability of VR in hospitalized patients \[[@ref11]\] and found that most patients find VR to be a positive and pleasant experience that eases anxiety and provides an escape from the confines of a distressful illness experience. Most patients report a willingness to use VR again if given the opportunity. However, we also found that younger patients are more willing to use VR than older patients; that some patients find the technology uncomfortable, intrusive, or confusing to use; and that patients occasionally report that the headsets are difficult to operate, can induce vertigo, or are of unclear benefit. In short, this study suggests that introducing VR into clinical practice requires careful thought, consideration of patient preferences, and an understanding of the risks and benefits of this emerging technology.

The potential health care uses of VR are far-reaching, but acceptability of the technology is an important consideration toward enabling its successful implementation. Addressing concerns about the safety, effectiveness, usability, and accessibility of VR is critical to ensuring that VR interventions and programs are effective. Moreover, it is important to survey public perception not only about concerns surrounding VR but also about use cases in which VR may be most impactful. Patients should have a voice in determining whether, when, and where to implement VR in their own care.

Using Social Listening to Examine Opinions of Virtual Reality
-------------------------------------------------------------

Few studies have examined user perceptions of VR, and of these studies, most focused on narrow applications of VR in clinical settings \[[@ref12]-[@ref15]\]. In this study, we used social listening techniques to examine unsolicited comments posted on Facebook in response to an online video about the use of VR in health care. We selected to study the Facebook posts in response to the video given that people use the immensely popular social network to share opinions about various topics with their online communities. Facebook is the largest social network with respect to logged-in users; in June 2017, the site had 2 billion monthly active users \[[@ref16]\]. In addition, Facebook was the ideal platform to study public opinions about VR, as the video was posted on the site by an online news aggregator (Upworthy) that specializes in posting viral videos. This presented a natural opportunity to study the Facebook posts about VR without explicitly soliciting opinions from users.

The objective of this study was to use social listening methods to examine how individuals perceive health care VR, including understanding general sentiments about the technology, concerns about the use of health care VR, and which settings may be useful future areas for VR research. The results can elucidate facilitators and barriers to the dissemination and implementation of VR in health care. We use quantitative content analysis to characterize online opinions about the use of VR for patient care.

Methods
=======

Study Overview
--------------

In March 2016, NBC News produced a video depicting the use of VR for patient care based on our research at Cedars-Sinai Medical Center and other sites employing VR in clinical practice. The video was edited and repackaged by "NowThis," a digital news company that distributes content to social media sites, and posted on Facebook by Upworthy, yielding 4.3 million views, 36,000 shares, 67,000 "likes," and 2401 spontaneous comments as of December 2016. The video depicts hospitalized patients using VR headsets, features children using VR to ease the experience of cancer treatment, includes brief interview quotes about how VR can be used in health care, and references the emerging role of VR for managing depression, anxiety, and various types of pain \[[@ref17]\].

In this study, we expand on our previous research \[[@ref11]\] by examining the Facebook posts submitted in response to the video. We employ social listening techniques to capture online public opinion. Social listening offers unique advantages compared with traditional survey methods. One of these advantages is the ability to capture unsolicited discussions among participants without a researcher present, thus overcoming the Hawthorne effect, where individuals may change their behavior when they know they are being studied \[[@ref18]\]. Social listening can catalogue opinions from large informant groups and from those who might not otherwise participate in a research study. Furthermore, social listening allows researchers to capture data from a wide demographic and geographic spectrum.

Social listening is an established and efficient way to study online communities \[[@ref19]\]. Previous studies have used Facebook to examine the social media activity of clinicians and pharmacists \[[@ref20],[@ref21]\]; to evaluate Facebook groups focused on diabetes and explore the information that patients request, the unsolicited information that is provided, and the nature of the virtual communities that congregate on Facebook \[[@ref22]\]; and to examine risk perceptions of obesity among social media users \[[@ref23]\]. We build on this methodology by using responses to the VR video posted on Facebook as a virtual focus group to characterize public knowledge, attitudes, beliefs, and preferences about the use of VR in health care. We used qualitative methods to develop a list of themes in the data and used this list to apply the codes to the rest of the Facebook posts. We subsequently quantified the results for analysis.

Gender and Social Media Use
---------------------------

We examined the gender of the informant, given that previous studies have found that men and women express themselves in different ways on social media. Several studies examining interactions and posts on Facebook found that there are notable variations in the use of language on social media by gender \[[@ref24],[@ref25]\]. Men are more likely to use swear words, whereas women are more likely to use positive, emotion-related words such as "excited" \[[@ref24],[@ref25]\]. Other studies have found that women are more likely to discuss social relationships (eg, friendships and family), whereas men are more likely to discuss topics such as online gaming, sports, and political topics \[[@ref25]\]. Additionally, given that various demographic characteristics, including gender, have been found to be important factors in the adoption and diffusion of technology \[[@ref26]-[@ref28]\], we wanted to explore whether the same holds true for the use of VR. Previous studies have found, for instance, that men value the relative advantage and overall usefulness of technology more highly, whereas women tend to value ease of use \[[@ref27],[@ref28]\].

Data Collection and Analysis
----------------------------

We used Microsoft Excel Power Query (2016, Microsoft Corporation) to extract 2401 Facebook comments written in response to the video posted as of 4:20 pm on March 7, 2016. Out of the 2401 comments, we analyzed 67.22% (n=1614) of posts that expressed a measurable sentiment and excluded posts in which users simply tagged friends or included uninterpretable symbols with no other information.

We used the qualitative analysis software ATLAS.ti (Scientific Software Development, Berlin, Germany) to code the Facebook posts \[[@ref29]\]. We used ATLAS.ti, given the functionality of the software to support multiple coders and to perform quantitative analyses based on the codes and categories. We used multiple coders (HJP, MEC, and JEF) to enhance the coding process; using multiple coders allowed for the inclusion of multiple perspectives during the code and category development and the ability to discuss coding disagreements among the group. The first round of inductive coding was used to generate a codebook of themes grounded in the data. We used a consensus process to agree on the final list of codes. The coders then iteratively coded the data several times to categorize each of the Facebook posts into the sentiment categories (positive, negative, and neutral) and major (eg, mental health uses and pain relief) and minor (eg, VR as helpful for anxiety, depression, or stress) themes.

Facebook posts could contain more than one theme if they expressed multiple messages or sentiments within the same post. The unit of analysis was the entire Facebook post. We subsequently used ATLAS.ti to generate code count histograms within major and minor themes. We used the sentiment values and major and minor themes to create a map of attitudes, beliefs, and preferences about the use of VR in health care. We compared perceptions and beliefs by informant gender---a demographic variable accessible through each informant's Facebook page. If self-identified gender was missing, then we coded that individual's gender as unknown.

We used the ATLAS.ti code cooccurrence tool to explore patterns among code frequencies regarding gender differences in the categories of Facebook posts, as have been reported in previous research \[[@ref30]\]. We used Pearson chi-square tests to examine the association between gender and sentiment valence of Facebook post.

The study was reviewed and approved by the Cedars-Sinai Medical Center\'s Institutional Review Board (Pro00044905). No individual subjects were contacted. The only study data used were public posts on Facebook, accessed in full accordance with the Facebook privacy policy.

Results
=======

Facebook Comments by Gender, Sentiment, and Theme
-------------------------------------------------

Out of the 1614 Facebook comments analyzed, 1021 (63.25%) were attributed to female Facebook users, 572 (35.43%) to male users, and 21 (1.30%) to users of unknown gender ([Table 1](#table1){ref-type="table"}). Overall, 1197 (74.16%) comments were coded as expressing a positive perception about VR, 251 (15.55%) coded as a negative perception or concern, and 560 (34.70%) coded as neutral. Comments often expressed overlapping themes; thus, the percentage total does not equal 100%. Thematic analysis of the of the comments yielded 50 unique codes, including 27 positive perception codes, 18 negative perception codes, and 5 neutral codes.

###### 

Sentiment type of Facebook comments by gender.

  Gender of Facebook user   Number of codes by language valence         
  ------------------------- ------------------------------------- ----- -----
  Female                    873                                   100   378
  Male                      317                                   148   250
  Total codes^a^            1190                                  248   628

^a^Each comment may include multiple statements; therefore, the number of codes is greater than the number of overall comments.

[Multimedia Appendix 1](#app1){ref-type="supplementary-material"} depicts the thematic network encompassing positive, negative, and neutral sentiments. The network indicates that opinion about the role of VR in health care is varied; informants reported diverse attitudes, beliefs, preferences, and concerns about the use of the technology. [Multimedia Appendix 2](#app2){ref-type="supplementary-material"} shows specific examples of Facebook comments left in response to the video.

Positive Perception Network
---------------------------

[Table 2](#table2){ref-type="table"} lists the 27 codes for positive beliefs, attitudes, and preferences toward VR. Positive perceptions were categorized into the following 2 major groups of first-order concepts: (1) *specific health care uses* and (2) *general uses*. The category *specific health care uses* included the following 5 second-order concepts organized around the use of VR in various settings and conditions: (1) *lack of mobility*, (2) *pain*, (3) *mental health*, (4) *treatment and rehabilitation*, and (5) *drugs*. Secondary concepts under *general uses* included *interest in VR technology* and *desire for personal use and to share with others.*

The second-order concepts of both primary groups encompass additional third-level concepts specifying positive uses and reactions to health care VR. For example, informants identified both acute and chronic pain conditions that may benefit from VR.

Under *specific health care uses,* the most common grouping of Facebook posts pertained to using VR to combat a lack of mobility (n=153), followed by managing pain (n=42), and the use of VR to positively influence mental health or for use in mental health treatment (n=31). Informants expressed opinions about how VR could benefit a variety of populations with a lack of mobility, including patients with long-term hospital stays (n=30), elderly patients who cannot move or travel (n=25), children in the hospital (n=15), cancer patients undergoing chemotherapy or radiation treatment (n=9), patients receiving scans or undergoing other types of imaging (n=8), and wheelchair-bound individuals (n=3). In addition, informants believed that VR could be beneficial for populations facing a lack of mobility, distracting individuals from boredom, and encouraging mental stimulation (n=60), as well as encouraging movement (n=3). Specifically, for mental health, informants noted how VR could be used to manage stress (n=14), anxiety (n=10), and depression (n=7).

General positive responses include the following second-order groups: (1) *interest in VR technology* and (2) *desire for personal use and to share with others*. *Interest in VR technology* had third-order concepts of strong general interest (n=665), positive use of technology (n=80), and remarks expressing that VR was better than television or movies (n=9). The most common third-order concept was *general interest in VR* (n=665), principally comprising nonspecific positive reactions to VR in health care (eg, "cool," "awesome," and "I love this!"). Secondary concepts under *desire for personal use and to share with others* include individuals expressing interest in VR for their personal use (n=61) or interest in trying VR (N=49), and wishing that VR had been available in their previous hospital stay (n=39) or that the technology was available or had been available for friends and family members in the hospital (n=31).

Acute pain conditions (quaternary concepts) under the second-level concept *pain* and under the third-level concept *acute pain* identified by informants include VR benefits for patients in labor and delivery (n=15), dentistry (n=13), burns (n=2), and dialysis (n=1) settings.

Negative Perception Network
---------------------------

[Table 3](#table3){ref-type="table"} lists the 18 codes for negative beliefs, attitudes, and preferences toward VR. Negative perceptions were categorized into the following 2 major groups of first-order concepts: (1) *concerns of VR effects in health care* and (2) *general hesitation/negative reaction*. *Concerns of VR effects in health care* include the following 3 second-order concepts: (1) *paranoia or barriers*, (2) *threats to patient health*, and (3) *negative effects on specific groups*. *General hesitation/negative reaction* includes 2 second-order concepts, including *disinterest* and *more research necessary to support claims*.

The second-order concepts mapped to several third-order concepts specifying the negative reactions and concerns elicited by informants. For example, third-order groups under *paranoia or barriers* revealed user concerns over insurance coverage of VR and costs of use (n=77), VR increasing the societal dependence on technology (n=26), concerns about the information that is transmitted to the user (n=7), VR as a barrier to discharge (n=3), VR creating difficulties in caring for patients (n=2), and concerns about what happens in the room while the patient uses VR (n=2).

The most common codes under *concerns of VR effects in health care* included paranoia or barriers concerning the use of VR (n=153), followed by VR as a threat to patient health (n=31) and negative effects of VR on specific groups (n=16). Informants identified 5 potential threats to patient health with the use of VR in health care, including motion sickness (n=11), vision complications (n=10), infections due to bacteria and other microorganisms because of sharing equipment (n=4), the potential for radiation from the mobile phone to contribute to cancer (n=3), and concerns about patients falling off the bed when using VR (n=3). Informants expressed concerns about pregnant patients and patients in labor (n=16), psychiatric or traumatic brain injury patients (n=3), and those suffering from mental illness (n=3).

Other users wrote about various general hesitations and reactions, including VR as being generally unnecessary (n=42), the ability for drugs and alcohol to achieve the same goal (n=25), the belief that the idea can be improved or advanced (n=17), and the need for more research to support the claims (n=3).

###### 

Distribution of positive beliefs, attitudes, and perceptions toward virtual reality in Facebook comments posted in response to the video.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  \                                                                            Value (N=1197^b^), n (%)                                                                                                           
  Positive theme of Facebook comment identified through qualitative analysis                                                                                                                                      
  ---------------------------------------------------------------------------- -------------------------------------------------------------- ------------------------------------------------------------------- -------------
  **General uses (N=934)**                                                     \                                                                                                                                  

  \                                                                            **Interest in VR^a^technology (N=754)**                        \                                                                   

  \                                                                            \                                                              General interest                                                    665 (55.56)

  \                                                                            \                                                              Positive use of technology                                          80 (6.68)

  \                                                                            \                                                              Better than TV or movies                                            9 (0.75)

  \                                                                            **Desire for personal use and to share with others (N=180)**   \                                                                   

  \                                                                            \                                                              General personal use                                                61 (5.09)

  \                                                                            \                                                              Interest in trying VR                                               49 (4.09)

  \                                                                            \                                                              Wishes that they had VR in previous hospital stay                   39 (3.26)

  \                                                                            \                                                              Wishes that they had VR for friend and family members in hospital   31 (2.59)

  **Specific health care uses (N=263)**                                        \                                                                                                                                  

  \                                                                            **Lack of mobility (N=153)**                                   \                                                                   

  \                                                                            \                                                              Distract from boredom, encourage mental stimulation                 60 (5.01)

  \                                                                            \                                                              Long-term hospital stays                                            30 (2.51)

  \                                                                            \                                                              Elderly patients who cannot move or travel                          25 (2.09)

  \                                                                            \                                                              Children in hospital                                                15 (1.25)

  \                                                                            \                                                              Cancer patients undergoing chemotherapy or radiation                9 (0.75)

  \                                                                            \                                                              Patients undergoing scans/imaging                                   8 (0.67)

  \                                                                            \                                                              People who are wheelchair-bound                                     3 (0.25)

  \                                                                            \                                                              Encourage movement                                                  3 (0.25)

  \                                                                            **Pain (N=42)**                                                                                                                    

  \                                                                            \                                                              Labor delivery (acute)                                              15 (1.25)

  \                                                                            \                                                              Dentistry (acute)                                                   13 (1.09)

  \                                                                            \                                                              Chronic pain (chronic)                                              11 (0.92)

  \                                                                            \                                                              Burns (acute)                                                       2 (0.17)

  \                                                                            \                                                              Dialysis (acute)                                                    1 (0.08)

  \                                                                            **Mental health (N=31)**                                                                                                           

  \                                                                            \                                                              Stress                                                              14 (1.17)

  \                                                                            \                                                              Anxiety                                                             10 (0.84)

  \                                                                            \                                                              Depression                                                          7 (0.58)

  \                                                                            **Treatment and rehabilitation (N=19)**                                                                                            

  \                                                                            \                                                              General rehabilitation                                              13 (1.09)

  \                                                                            \                                                              Adjunct to other therapies                                          6 (0.50)

  \                                                                            **Drugs (N=18)**                                                                                                                   

  \                                                                            \                                                              Adjunct to other drugs                                              11 (0.92)

  \                                                                            \                                                              Reduces the need for drugs                                          7 (0.58)
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^VR: virtual reality.

^b^Total does not add up to 100% due to multiple codes per Facebook comment and rounding.

###### 

Distribution of negative beliefs, attitudes, and perceptions toward virtual reality in Facebook comments posted in response to the video.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  \                                                                            Value (N=251^a^), n (%)                                                                           
  Negative theme of Facebook comment identified through qualitative analysis                                                                                                     
  ---------------------------------------------------------------------------- ------------------------------------------------ ------------------------------------------------ -----------
  **Concerns of VR^b^effects in health care (N=164)**                          \                                                                                                 

  \                                                                            **Paranoia or barriers (N=117)**                 \                                                

  \                                                                            \                                                Insurance coverage and cost                      77 (30.7)

  \                                                                            \                                                Societal dependence on technology                26 (10.7)

  \                                                                            \                                                Information that is transmitted to user          7 (2.8)

  \                                                                            \                                                Barrier to discharge                             3 (1.2)

  \                                                                            \                                                Creates difficulties in caring for patient       2 (0.8)

  \                                                                            \                                                What happens in the room while patient uses VR   2 (0.8)

  \                                                                            **Threats to patient health (N=31)**             \                                                

  \                                                                            \                                                Motion sickness                                  11 (4.4)

  \                                                                            \                                                Vision complications                             10 (4.0)

  \                                                                            \                                                Spread of bacteria                               4 (1.6)

  \                                                                            \                                                Radiation/emissions/cancer                       3 (1.2)

  \                                                                            \                                                Falling off bed                                  3 (1.2)

  \                                                                            **Negative effects on specific groups (N=16)**   \                                                

  \                                                                            \                                                Pregnancy or labor                               10 (1.6)

  \                                                                            \                                                Psychiatric or brain injury                      3 (1.2)

  \                                                                            \                                                Mental illness                                   3 (1.2)

  **General hesitation/negative reaction (N=87)**                              \                                                                                                 

  \                                                                            **Disinterest (N=67)**                           \                                                

  \                                                                            \                                                Generally unnecessary or excessive               42 (16.7)

  \                                                                            \                                                Drugs and alcohol achieve the same goal          25 (9.7)

  \                                                                            **More research necessary (N=20)**               \                                                

  \                                                                            \                                                Idea can be improved or advanced                 17 (6.78)

  \                                                                            \                                                More research needed to support claims           3 (1.2)
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^Total does not add up to 100% due to multiple codes per Facebook comment and rounding.

^b^VR: virtual reality.

![Distribution of Facebook statements regarding virtual reality technology in health care by gender.](jmir_v19i12e419_fig1){#figure1}

Neutral Perception Network
--------------------------

There were 5 codes for neutral beliefs, attitudes, and preferences toward VR. Neutral responses were grouped into either *curious/inquiring* responses or *prior exposure/knowledge* responses. *Curious/inquiring* responses were grouped into the following second-order responses: (1) *wants to share information*, (2) *long-term outcomes/future uses of VR*, and (3) *availability outside of the United States*. Responses in the first-order group *prior exposure/knowledge* comprised users who *have already heard about this technology* and users who *compare VR to an existing project or media*. The most common second-order concept was *wants to share information* (n=349). This was followed by the code *compares VR to an existing project or media* (n=140).

Type of Comments by Gender
--------------------------

Pearson's chi-square test was used to determine if there was an association between language valence (positive, negative, or neutral) and gender. Men were significantly more likely to exhibit negative perceptions about the use of VR in health care than women (*P*\<.001; [Figure 1](#figure1){ref-type="fig"}).

Discussion
==========

Principal Findings
------------------

This case study provides rich data to better understand how the public perceives the use of VR in a health care setting. The results provide innovative, crowdsourced ideas for how to shape VR implementation in health care. For example, the study informants noted that VR could be used in areas such as labor and delivery, dentistry, chemotherapy administration, and in patients undergoing imaging tests. There is preliminary research in some of these areas \[[@ref31]-[@ref33]\], and our findings illustrate that there is public interest in using health care VR for these types of applications. Health care organizations and the VR research community may use the resulting thematic network ([Multimedia Appendix 1](#app1){ref-type="supplementary-material"}) to help determine where further research on the use of VR in patient care is needed.

A 2012 review examining users' perceptions of VR game-based interventions in the rehabilitation setting noted that users were primarily concerned with the technological limitations of VR, the ability of the user to use the VR system independently, the desire to engage in novel physical and cognitive challenges using VR, the ability to connect with other users using VR during rehabilitation, the ability to receive feedback on progress during rehabilitation sessions, and a desire for rich and varied virtual environments \[[@ref34]\]. Interestingly, this study found that although the study informants in our study noted that VR could be used for rehabilitation and to encourage movement, their concerns were quite different from individuals who had used VR in the rehabilitation setting. Although study informants in our study focused on cost, potential technology dependence, and safety issues (eg, falling off the bed), users who had used VR in the health care setting noted different types of concerns, including the desire to use VR in a more social manner, the failure of the technology to meet expectations, the ability to use the technology without assistance, and the desire for more realistic virtual worlds. Actual users of VR were less concerned with overdependence on technology, even those who had used game-based therapies, illustrating that clinicians hoping to use VR may need to address these unfounded fears with new users. This demonstrates that although our findings may be useful in facilitating the dissemination of VR by reducing barriers to use for novice users, more qualitative research is needed to understand how to improve the technology so that it can be used in specific health care settings.

Our findings from this natural experiment indicate that online perceptions of health care VR is generally positive, and most informants believe the technology can benefit various populations in diverse clinical settings. Informants expressed interest in using VR for patients with diminished mobility (eg, those experiencing long-term hospital stays; frail individuals; those receiving chemotherapy, dialysis, radiation, or imaging; and wheelchair-bound individuals) as a drug-free treatment for acute or chronic pain, and for those struggling with mental health conditions such as anxiety and depression. Our findings are in line with those of other studies, which have found that individuals perceive VR as a form of therapy with benefits for the mind and body \[[@ref35],[@ref36]\]. Previous studies have found VR to be effective in reducing chronic pain \[[@ref37]\], aiding in stroke rehabilitation \[[@ref14],[@ref35]\], improving movement in Parkinson\'s patients \[[@ref38]-[@ref40]\], treating nicotine addiction \[[@ref41]\], reducing anxiety and post-traumatic stress disorder \[[@ref42]\], and aiding in the rehabilitation of traumatic brain injury \[[@ref43]\].

Concerns About Virtual Reality and Implications for Use
-------------------------------------------------------

However, it is important to acknowledge that many informants in this study expressed concerns about using VR for patient care. There are concerns about costs, whether insurance will cover VR as a therapeutic option, and an overarching concern about increasing dependence on technology. The rising cost of health care is a critical issue overall, and previous research has found that individuals are concerned about the gap between those who can afford experimental treatment and those who struggle to get basic medical care \[[@ref43]\]. The results from this study illustrate that apprehension about access to and affordability of new technologies is of foremost importance in the public eye. The adoption and dissemination of VR in the health care setting, therefore, will be dependent on how health care systems price this service and whether insurance companies choose to cover the technology and associated VR services. Future studies that examine the cost-effectiveness of adding VR to standard inpatient care will be useful in understanding the added value of VR.

Interestingly, another important barrier to use expressed by informants was the potential of VR to add to the overdependence of technology in society. This finding reveals that individuals feel some trepidation about the current use---and overuse---of technology in society, and that they may not be willing to continue to accept more forms of technology in settings such as health care, despite the potential clinical benefits. Although some individuals may see the use of VR as a way to escape a hospital room, others may be hesitant to use and engage with additional consumer-facing technologies that could prove to be addictive. Researchers should examine whether game-based VR applications, such as those used in rehabilitation settings, have the potential to be addictive. If users are assured that these applications can be used without fears of overuse, they may be more likely to be open to using the technology.

Gender Differences in Virtual Reality Use
-----------------------------------------

We found that female users are more likely to comment positively, whereas male users express more concerns about VR for patient care. Our findings are in line with previous research showing that women express positive sentiments more frequently than men in a social media context \[[@ref25]\]. We also found that women are more likely to post any opinion about VR, independent of sentiment, which is also consistent with previous research about gender use and social media. Men have been found to be less likely to engage in social media and less likely to use Facebook \[[@ref44],[@ref45]\]. Women have also been found to express themselves in warmer, more compassionate, and more polite tones than men on social media sites \[[@ref24]\].

This study also aligns with other research that finds gender differences in attitudes and adoption of technology \[[@ref27]\], including the acceptance and use of technologies such as fitness trackers \[[@ref46]\], mobile chat services \[[@ref47]\], video games \[[@ref48]\], and Internet use overall \[[@ref49]\]. Thus, VR, much like other consumer-facing technologies, may be adopted and used by diverse groups in different manners. Researchers studying the diffusion of VR technology should incorporate these gender differences into models of diffusion and should also explore more in depth how different demographic characteristics influence the use and acceptance of VR.

This study has important limitations. First, the video published by Upworthy portrayed VR in a generally positive light, which could bias Facebook users toward commenting more positively. However, our results indicate that the video still prompted a wide range of far-reaching negative comments, indicating a diversity of sentiment. Second, our sample was limited to people who have a Facebook account and who viewed the video on their feed; similar to other surveys, our sample may not express sentiments that represent the larger population. Compared with the general population, informants in this study may be more interested in new technologies or have social networks that view new technologies in a more favorable light. Third, social listening can only capture comments from users who choose to post. Thus, individuals who prefer to view content but do not post are not represented in our analysis. Another limitation is the relatively narrow scope of the study: we focused on responses to one video posted on Facebook. Future research may expand on this study by exploring public opinion about VR based on various sources. Finally, we were limited in the type of demographic data that we could capture through Facebook.

In conclusion, this social listening analysis of a large social media sample indicates wide acceptance of and interest in using VR for patient care but also reveals concerns that should be acknowledged and addressed as health care VR continues to evolve.
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